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ABSTRACT
Ice mantles on dust grains play a central role in astrochemistry. Water and complex organic molecules
(COMs) are thought to first form on the ice mantles and subsequently are released into the gas phase
due to star formation activity. However, the critical question is whether ice mantles can survive stellar
radiation when grains are being heated from Td ∼ 10 K to & 100 K. In this paper, we first study the
effect of suprathermal grain rotation driven by the intense radiation of young stellar objects (YSOs)
on the ice mantles. We find that the entire ice mantles can be disrupted into small fragments by
centrifugal stress before the water ice and COMs desorb via thermal sublimation. We then study the
consequence of resulting ice fragments and find that tiny fragments of radius a . 10 A˚ exhibit transient
release of COMs due to thermal spikes, whereas larger fragments can facilitate thermal sublimation at
much higher rates than from the original icy grain or the same rate but with temperatures of ∼ 20−40
K lower. We find that rotational desorption is efficient for hot cores/corinos from the inner to outer
regions where the temperature drops to Tgas ∼ 40 K and nH ∼ 104 cm−3. We discuss the implications of
this mechanism for desorption of COMs and water ice in various environments, including outflow cavity
walls, photodissociation regions, and protoplanetary disks. Finally, we show that very large aggregate
grains can be disrupted into individual icy grains via rotational disruption mechanism, followed by
rotational desorption of ice mantles.
Keywords: dust, extinction, astrochemistry - astrobiology - ISM: molecules
1. INTRODUCTION
Water molecules are essential for life, and complex or-
ganic molecules (COMs referred to organic molecules
containing ≥ 6 atoms, such as CH3OH, CH3OCH3,
HCOOCH3, and C2H5OH, CH3CH2CN), are the build-
ing blocks of life. Understanding where and how such
molecules are formed and released into the gas phase is a
key question in astrochemistry. COMs are increasingly
observed in the environs of young stellar objects (YSOs),
including hot cores/corinos around high-mass/low-mass
protostars and protoplanetary disks (see Herbst & van
Dishoeck 2009 and van Dishoeck 2014 for recent re-
views). In the formation process of water and COMs,
the ice mantle of dust grains is known to play a central
role (see van Dishoeck 2014 and van Dishoeck 2017 for
recent reviews).
The popular scenario to form COMs in hot
cores/corinos involves three phases, including cold,
warm, and hot phases (Herbst & van Dishoeck 2009).
During the initial cold phase, COMs may first be formed
in the cold molecular core (Jimenez-Serra et al. 2016)
but are frozen in the icy grain mantle during the cloud
collapse process (zeroth-generation species). During the
warm phase, i.e., after star formation, the ice mantle is
warmed up from ∼ 10 K to ∼ 100 K by protostellar ra-
diation, which increases the mobility of simple molecules
frozen in the ice mantle and finally form COMs (first-
generation species; see, e.g., Garrod et al. 2008). Dur-
ing the hot phase where icy grain mantles are heated to
100− 300 K, thermal sublimation of ice mantles (Blake
et al. 1987; Brown et al. 1988; Bisschop et al. 2007)
can release molecules (CH3OH, NH3), which trigger gas-
phase chemistry at high temperatures and form in-situ
COMs (second-generation species; see Charnley et al.
1992).
Given the crucial importance of the icy grain mantles
on the formation and desorption of water and COMs,
the remaining question is whether the ice mantles can
still survive in the intense radiation field of YSOs during
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the warm phase when thermal sublimation is not yet
effective.
Previous research on thermal and non-thermal desorp-
tion of molecules from the grain mantle assumed that
grains are at rest, which is contrary to the fact that
grains are rapidly rotating due to collisions with gas
atoms and interstellar photons (Draine & Lazarian 1998;
Hoang et al. 2010). To understand how molecules form
on the grain surfaces and are returned to the gas, the
effect of grain rotation of gas-grain chemistry must be
quantified. The goal of this paper is to quantify the ef-
fect of grain rotation on the desorption of ice mantles
from the grain surface.
Interstellar dust grains are widely known to be rotat-
ing suprathermally, as required to reproduce starlight
polarization and far-IR/submm polarized dust emission
(see Andersson et al. 2015 and Lazarian et al. 2015 for re-
views). Indeed, Purcell (1979) first suggested that dust
grains can be spun-up to suprathermal rotation (with
velocities larger than grain thermal velocity) by vari-
ous mechanisms, including the formation of hydrogen
molecules on the grain surface.
In particular, modern astrophysics establishes that
dust grains of irregular shapes can rotate suprathermally
due to radiative torques (RATs) arising from their in-
teraction with an anisotropic radiation field (Draine &
Weingartner 1996; Lazarian & Hoang 2007a; Hoang &
Lazarian 2008; Hoang & Lazarian 2009; Herranen et al.
2019) or mechanical torques induced by an anisotropic
gas flow (Lazarian & Hoang 2007b; Hoang et al. 2018a).
In an intense radiation field, Hoang et al. (2019) discov-
ered that irregular grains could be spun-up to extremely
fast rotation such that the centrifugal stress can exceed
the tensile strength of the grain material, breaking the
original grain into many fragments. Therefore, in star-
forming regions and photodissociation regions, we ex-
pect that the radiation intensity is sufficiently intense
such that the centrifugal force can disrupt the ice man-
tle from the grain core into small icy fragments. Con-
sequently, sublimation from such tiny fragments would
occur at a much higher rate than from the original large
grain. This issue will be quantified in the present paper.
The structure of the paper is as follows. In Section
2 we will introduce the rotational desorption mecha-
nism of ice mantles from suprathermally rotating dust
grains spun-up by RATs due to centrifugal stress. We
will demonstrate that resulting small fragments can in-
duce faster evaporation of COMs than classical ther-
mal sublimation in Section 3. In Section 4, we apply
rotational desorption mechanism for hot cores/corinos
around protostars. Discussion for other environments,
including photodissociation regions (PDRs) and proto-
planetary disks (PPDs), and the effect of grain evolution
for rotational desorption are presented in Section 5. Ma-
jor findings are summarized in Section 6.
2. ROTATIONAL DESORPTION MECHANISM OF
ICY GRAIN MANTLES
2.1. Ice mantles on grain surface
The formation of an ice mantle due to accretion of
gas molecules on the grain surface is expected to oc-
cur in cold and dense regions of hydrogen density nH =
n(H) + 2n(H2) ∼ 103 − 105 cm−3 or the visual extinc-
tion AV > 3 (Whittet et al. 1983). Ice mantles on the
grain surface are expected to have layer structures be-
cause water and CO condense at different temperatures,
where the first layer is dominated by water ice and the
second layer is dominated by CO ice (see Oberg et al.
2010). The detection of strongly polarized H2O and
CO ice absorption features (Chrysostomou et al. 1996;
Whittet et al. 2008) demonstrates that icy grain mantles
have non-spherical shape and are aligned with magnetic
fields (see Lazarian et al. 2015 for a review).
The mantle thickness can vary with the size of dust
grains due to their difference in grain temperature (see
Pauly & Garrod 2016). In dense clouds, one expects the
ice mantle to have ∼ 100 monolayers on large grains
(a & 0.1µm) and about 30-50 monolayers on small
grains, assuming gas density nH ∼ 104 cm−3. At high
densities of ∼ 107 cm−3, the ice mantle can grow to ∼
380 monolayers after ∼ 1 Myr (Garrod & Pauly 2011).
Here we consider a grain model consisting of an amor-
phous silicate core covered by a double-layer ice mantle
(see Figure 1). Let ac be the radius of silicate core and
∆am be the average thickness of the mantle. The exact
shape of icy grains is unknown, but we can assume that
they have irregular shapes as required by polarization
data (Chrysostomou et al. 1996). Thus, one can define
an effective radius of the grain, a, which is defined as
the radius of the sphere with the same volume as the
grain. The effective grain size is a ≈ ac + ∆am. The
silicate and carbonaceous core perhaps are assumed to
have a typical radius of 0.05µm (Greenberg 1989). In
the following, we first assume the maximum size of core-
mantle grains is amax ∼ 1µm and postpone discussion
of grain growth to Section 5).
2.2. Suprathermal rotation of dust grains by RATs
We consider an anisotropic radiation field of the
anisotropy degree γ. Let uλ be the spectral energy
density of radiation field at wavelength λ. The energy
density of the radiation field is then urad =
∫
uλdλ.
To describe the strength of a radiation field, let define
U = urad/uISRF with uISRF = 8.64 × 10−13 erg cm−3
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Figure 1. A schematic illustration of a rapidly spinning
core-mantle grain of irregular shape, comprising an icy water-
rich (blue) and CO-rich (orange) mantle layers. The core is
assumed to be compact silicate material, and complex or-
ganic molecules are formed in the ice mantle of the core.
Centrifugal force field on a slab dx is illustrated, which acts
to pull off the ice mantle from the grain core at sufficiently
fast rotation.
being the energy density of the average interstellar ra-
diation field (ISRF) in the solar neighborhood as given
by Mathis et al. (1983). Thus, the typical value for
the ISRF is U = 1. Let λ =
∫
λuλdλ/urad be the
mean wavelength of the radiation field. For the ISRF,
λ¯ ∼ 1.2µm (Draine & Weingartner 1997).
As shown in Hoang et al. (2019), for the radiation
source of constant luminosity, i.e., constant radiative
torque ΓRAT (Draine & Weingartner 1996; Lazarian &
Hoang 2007a), the grain angular velocity is steadily in-
creased over time as
ω(t) = ωRAT
[
1− exp
(
− t
τdamp
)]
, (1)
where
ωRAT =
ΓRATτdamp
I
(2)
is the terminal angular velocity at time much larger than
damping time, t τdamp, which is considered the max-
imum rotational rate spun-up by RATs (Hoang et al.
2019).
Above, τdamp = t
−1
gas + τ
−1
IR = τ
−1
gas(1 +FIR) is the total
damping rate where tgas is the rotational damping time
due to gas collisions, and FIR is the grain rotational
damping coefficient due to infrared emission (see Draine
& Lazarian 1998). For a gas with He of 10% abundance,
the characteristic damping time due to collisions is
τgas =
3
4
√
pi
I
1.2nHmHvtha4
' 8.74× 104a−5ρˆ
(
30 cm−3
nH
)(
100 K
Tgas
)1/2
yr, (3)
where a−5 = a/(10−5 cm), ρˆ = ρ/(3 g cm−3) with ρ be-
ing the dust mass density, vth = (2kBTgas/mH)
1/2
is the
thermal velocity of gas atoms of mass mH in a plasma
with temperature Tgas and density nH, and spherical
grains are assumed (Hoang & Lazarian 2009; Draine &
Weingartner 1996).
For grains in thermal equilibrium due to starlight
heating and radiative cooling, one obtains (see Draine
& Lazarian 1998):
FIR '
(
0.4U2/3
a−5
)(
30 cm−3
nH
)(
100 K
Tgas
)1/2
. (4)
Following Hoang (2019), the maximum rotation rate
of grains spun-up by RATs is given by
ωRAT'9.6× 108γa0.7−5λ¯−1.70.5
×
(
U
n1T
1/2
2
)(
1
1 + FIR
)
rad s−1, (5)
for grains with a ≤ λ¯/1.8, and
ωRAT'1.78× 1010γa−2−5λ¯0.5
×
(
U
n1T
1/2
2
)(
1
1 + FIR
)
rad s−1, (6)
for grains with a > λ/1.8. Above, n1 =
nH/(10 cm
−3), T2 = Tgas/(100 K), and λ¯0.5 =
λ¯/(0.5µm). The rotation rate depends on the param-
eter U/nHT
1/2
gas and FIR. For U  1, ωRAT is much
larger than the thermal angular velocity of grains ωT =
(2kTgas/I)
1/2 ∼ 2 × 105a−5/2−5 T 1/22 rad s−1, which is re-
ferred to as suprathermal rotation.
For convenience, let atrans = λ¯/1.8 which denotes the
grain size at which the RAT efficiency changes between
the power law and flat stages (see e.g., Lazarian & Hoang
2007a; Hoang et al. 2019), and ωRAT changes from Equa-
tion (5) to (6).
We note that the RAT efficiency weakly depends on
the composition of dust grains as shown in Lazarian &
Hoang (2007a) and Herranen et al. (2019). Thus, Equa-
tions (5) and (6) can be applicable for both silicate and
carbonaceous grains.
2.3. Rotational desorption of ice mantles
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2.3.1. Centrifugal stress and tensile strength of ice-mantles
Assuming that the grain is rotating around the axis of
maximum inertia moment, denoted by z-axis, with angu-
lar velocity ω. This assumption is valid for suprathermal
rotating grains in which internal relaxation can rapidly
induce the perfect alignment of the axis of the major
inertia with the angular momentum which corresponds
to the minimum rotational energy state (Purcell 1979).
Let us consider a slab dx at distance x from the center of
mass. The average tensile stress due to centrifugal force
dFc acting on a plane located at distance x0 is equal to
dS =
ω2xdm
pi(a2 − x20)
=
ρiceω
2(a2 − x2)xdx
a2 − x20
, (7)
where the mass of the slab dm = ρicedAdx with dA =
pi(a2 − x2) the area of the circular slab, ρice is the mass
density of the ice mantle, which is ρice ∼ 1 g cm−3 for
pure ice.
The surface average tensile stress is then given by
Sx=
∫ a
x0
dSx =
ρiceω
2a2
2
∫ 1
x0/a
(1− u)du
1− u0
=
ρiceω
2a2
4
(
(1− u0)2
1− u0
)
=
ρiceω
2a2
4
[
1−
(x0
a
)2]
,(8)
where u = x2/a2.
Equation (8) reveals that the tensile stress is maxi-
mum at the grain center and decreases with decreasing
the mantle thickness (a− x0).
By plugging the numerical numbers into Equation (8),
one obtains
Sx ' 2.5× 109ρˆiceω210a2−5
[
1−
(x0
a
)2]
erg cm−3, (9)
where ρˆice = ρice/(1 g cm
−3) and ω10 = ω/(1010rad s−1)
The tensile strength of the bulk ice is S ∼ 2 ×
107 erg cm−3 at low temperatures. As the temperature
increases to 200− 300 K, the tensile strength is reduced
significantly to 5 × 106 erg cm−3 (Litwin et al. 2012).
The adhesive strength between the ice mantle and the
solid surface has a wide range, depending on the surface
properties (Itagaki 1983; Work & Lian 2018). Here, we
adopt a conservative value of Smax = 10
7 erg cm−3 for
ice mantles for our numerical calculations. For the grain
core, a higher value of Smax = 10
9 erg cm−3 is adopted.
When the rotation rate is sufficiently high such as the
tensile stress exceeds the maximum limit of the ice man-
tle, Smax, the grain is disrupted. The critical rotational
velocity is determined by Sx = Smax:
ωdisr =
2
a(1− x20/a2)1/2
(
Smax
ρice
)1/2
' 6.3× 10
8
a−5(1− x20/a2)1/2
ρˆ
−1/2
ice S
1/2
max,7 rad s
−1, (10)
where Smax,7 = Smax/(10
7 erg cm−3).
Although the detail of rotational disruption of dust
grains is not yet studied, the disruption process perhaps
undergoes the following steps. When the grain rota-
tion rate is increased to the critical disruption limit, the
ice mantle near the equator is detached because the cen-
trifugal stress is equal to the tensile strength of the man-
tle onto the grain core. As the rotation rate is further
increased beyond ωdisr, the centrifugal stress exceeds the
ice tensile strength that holds the different parts of the
mantle together, resulting in the disruption of the man-
tle into small fragments.
Above, we assume that the grain is spinning along
the principal axis of maximum inertia moment. This
assumption is valid because internal relaxation within
the rapidly spinning grain due to Barnett effect rapidly
brings the grain axis to be aligned with its angular mo-
mentum (Purcell 1979; Roberge & Lazarian 1999).
2.3.2. Desorption sizes of ice mantles
The critical grain size of rotational desorption can be
found by setting ωRAT = ωdisr. From Equations (5-6)
and (10), one can see that when the grain size increases,
ωRAT rapidly increases and then intersects with ωdisr
at a = adisr, assuming a sufficiently strong radiation
fields. When the grain size continues to increase beyond
atrans, ωRAT then declines rapidly as ∝ a−2 and then
intersect ωdisr ∝ a−1 again at some large grain size,
producing a second intersection. The first intersection
determines the critical size above which grains are dis-
rupted, whereas the second intersection determines the
maximum size that grains still can be disrupted.
Figure 2 shows the rotation rate vs. disruption rate for
different gas densities, tensile strengths, assuming the
radiation strength of U = 103 and 105. The intermediate
strength of Smax ∼ 105 erg cm−3 is expected for compos-
ite grains (Hoang 2019; see Gundlach et al. 2018 for ex-
perimental results). The intersection between ωRAT and
ωdisr occurs at a lower grain size (adisr) and a very large
grain size (adisr,max). The range [adisr − adisr,max] de-
scribe the sizes of grains that are rotationally disrupted,
which is referred to as the disruption size range. When
the disruption size is smaller than atrans, the disruption
size range becomes broader. On the other hand, when
the disruption size adisr → atrans, the disruption size
range is reduced to a = atrans.
The grain size at the first intersection can be obtained
from Equation (5) and (10), which is given by
adisr'0.13γ−1/1.7λ¯0.5(Smax,7/ρˆice)1/3.4
×(1 + FIR)1/1.7
(
n1T
1/2
2
U
)1/1.7
µm, (11)
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Figure 2. The grain rotation rate spun-up by RATs (ωRAT) and disruption rate (ωdisr) as functions of the grain size for different
gas densities. Two values of the radiation strength U = 103 (left panel) and U = 105 (right panel) and three values of tensile
strengths Smax = 10
3, 105, 107 erg cm−3 are considered. The peak of ωRAT occurs at a = atrans. The intersection of ωRAT and
ωdisr can occur at a lower grain size (marked by a circle) and an upper size (marked by a star), and the shaded area denotes
the range of grain sizes in which grains are disrupted by RATs.
for adisr . atrans and x0  a, which depends on the
local gas density and temperature due to gas damping.
The equation indicates that all grains in the size range
atrans > a > adisr would be disrupted.
To determine the maximum size of grains that can still
be disrupted by centrifugal stress, one needs to compare
ωRAT from Equation (6) with ωdisr, which yields:
adisr,max ' 2.9γλ¯0.5
(
U
n1T
1/2
2
)(
1
1 + FIR
)
ρˆ
1/2
ice S
−1/2
max,7 µm. (12)
For the standard parameters of the diffuse interstel-
lar medium (ISM), one gets adisr,max ∼ 2.9µm for the
typical physical parameters in Equation (12). This is
much larger than the maximum grain size of amax ∼
0.25 − 0.3µm obtained from modeling of observational
data (Mathis et al. 1977; Kim & Martin 1995; Draine
& Fraisse 2009). So, all available grains of a & adisr
are disrupted. In dense regions, grains are expected to
grow to large sizes due to coagulation and accretion (e.g.,
Chokshi et al. 1993; Ossenkopf 1993). Therefore, not all
grains of a & adisr can be disrupted, and we will find
both adisr and adisr,max for grains in star-forming re-
gions. Due to dependence of FIR on the grain size and
Sx on x0, one must find adisr and adisr,max using numer-
ical calculations instead of Equations (11) and (12).
Note that calculations of RATs for irregular shapes
are limited to grains of size a < λ/0.1 (Lazarian &
Hoang 2007a; Herranen et al. 2019). Therefore, the ac-
tual maximum disruption size might be lower than given
by Equation (12) if adisr,max > λ/0.1 because RATs of
such very large grains are expected to decrease due to
random effects when different photons scan the different
facets of the grain.
2.3.3. Desorption time of ice mantles
In the absence of rotational damping, the characteris-
tic timescale for rotational desorption can be estimated
as:
tdisr,0 =
Iωdisr
dJ/dt
=
Iωdisr
ΓRAT
' 0.6(γU5)−1λ¯1.70.5ρˆ1/2ice S1/2max,7a−0.7−5 yr (13)
for adisr < a . atrans, and
tdisr,0 '0.04(γU5)−1λ¯−10.5ρˆ1/2ice S1/2max,7a2−5 yr (14)
for atrans < a < adisr,max where U5 = U/10
5.
In the presence of rotational damping, the disruption
timescale can be obtained by solving ω(t) = ωdisr, which
yields
tdisr =−τdamp ln
(
1− ωdisr
ωRAT
)
=−τdamp ln
(
1− tdisr,0
τdamp
)
, (15)
which is applicable for adisr,max > a > adisr. Note that
tdisr → ∞ for a = [adisr, adisr,max] because it takes t 
tdamp to reach ω = ωRAT. One see that tdisr returns to
tdisr,0 when tdisr,0  τdamp which is achieved in strong
radiation fields.
3. ROTATIONAL DESORPTION OF ICE
MANTLES AND SUBSEQUENT EVAPORATION
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Table 1. Disruption size of ice mantles from the grain with
fixed core radius ac = 0.05µm
Gas density adisr(µm)
nH( cm
−3) U = 103 104 105 106 107
Td( K) ≈ 52 76 112 164 240
105 0.2597 0.0849 0.0525 0.0506 0.0249
106 NDa 0.2680 0.0921 0.0522 0.0303
107 ND ND ND 0.0979 0.0528
108 ND ND ND ND 0.1092
a ND: No Disruption
In this section, we will use the theory from the previ-
ous section to quantify the rotational desorption of ice
mantles into tiny icy fragments. We then demonstrate
that the subsequent evaporation of molecules from re-
sulting icy fragments is much faster than the evapora-
tion from the original icy mantle grain.
3.1. Rotational desorption size of ice mantles
We consider a unidirectional radiation field (i.e., γ =
1) in which dust grains are illuminated by a central YSO
and consider two different mean wavelengths of the ra-
diation field λ¯ = 0.5µm and 1.2µm (e.g., typical inter-
stellar radiation). Specifically, we consider a range of
gas density nH ∼ 105−109 cm−3 and radiation strength
U ∼ 103 − 108 around YSOs. Due to such dense con-
ditions, the gas and dust grain temperatures (of large
grains a = 0.1µm) are similar. The value of adisr,max
is set to amax = 1µm in the absence of the intersection
between ωRAT and ωdisr.
We first consider a core-mantle grain model with a
fixed core radius ac = 0.05µm, and the mantle thickness
can vary.
Table 1 shows the disruption size of the ice mantle
from a core-mantle grain for selected physical parame-
ters and the radiation field of λ¯ = 0.5µm, assuming a
fixed core radius ac = 0.05µm.
Figure 3 shows the range of grain disruption sizes
(adisr, adisr,max) as functions of the radiation strength
U for the different gas density, assuming λ¯ = 0.5µm
(panel (a)) and λ¯ = 1.2µm (panel (b)). The shaded
regions mark the parameter space ((a, U)) where the
rotational disruption occurs. One can see that adisr de-
creases rapidly and adisr,max increases linearly with the
radiation strength U (panels (a) and (b)). This reveals
the range of the disruption size is broaden with increas-
ing U .
The disruption size decreases rapidly with increasing
U and then slowly approaches ac when the centrifugal
stress on the interface between the core and the man-
tle decreases to zero. The latter determines the lower
boundary of rotational desorption determined by the
strong grain core.
We now assume that icy mantles of the same thickness
cover all grain cores of the different sizes (ac) and adopt
the thickness ∆am = 0.05µm. Results are shown in
Figure 5. We find that the disruption size is essentially
the same for a > ac. The results are similar to those in
Figure 3 and (4), but the lower boundary is shifted to the
corresponding value of ac. Furthermore, the ice mantles
on larger grain cores are desorbed at lower temperatures
than from smaller grain cores, which originates from the
increase of RATs with the grain size.
To easily compare rotational desorption with subli-
mation, in Figure 4, we show the desorption sizes as a
function of the grain temperature where
Td ' 16.4a−1/15−5 U1/6 K (16)
for silicate grains (Draine 2011).
For dense regions of density of nH ∼ 105 − 106 cm−3,
a thick mantle of a ∼ 1µm can be removed first at
Td = 80 K. When the temperature increases to 100 K,
the mantle layer has been removed until the grain ra-
dius is reduced to ∼ 0.1µm can be removed. For higher
density of nH ∼ 108 cm−3, the ice mantle starts to be
separated at Td ∼ 100 K, and the entire mantle is com-
pletely removed at Td ∼ 200 K. For very dense regions
of nH ∼ 107 cm−3, one see the ice mantle destruction
is very efficient starting from Td ∼ 100 K. In extremely
dense regions of nH ∼ 109 cm−3, stronger radiation in-
tensity with Td & 250 K can still disrupt ice mantles.
We now consider a core-ice mantle model in which
the mantle thickness is fixed to ∆am = 0.025µm
and 0.05µm, and the grain core radius rc is var-
ied. Results are shown in Figure 5. The desorption
of the thicker mantle tends to occur at lower grain
temperatures. Compared to Figure 4, one can see
that the ice mantle desorption requires higher radiation
strength/temperature to be efficient. This feature origi-
nates from the fact that thicker ice mantles induce larger
tensile stress acting on the interface between the man-
tle and the grain core (see Eq. 9), which decreases the
critical rotation rate and then requires a lower strength
of ambient radiation fields.
3.2. Rotational desorption time vs. sublimation time
We calculate the desorption time of ice mantles for
the different grain temperatures, assuming the differ-
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Figure 3. Range of desorption sizes of ice mantles, constrained by adisr (lower boundary) and adisr,max (upper boundary), as a
function of the grain temperature for the different gas densities for λ¯ = 0.5µm (panel (a)) and λ¯ = 1.2µm (panel (b)), assuming
a fixed core radius ac and the varying mantle thickness. The horizontal dashed lines denote the transition size atrans = λ¯/1.8.
Shaded regions mark the range of grain sizes disrupted by RATD.
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Figure 4. Same as Figure 3, but for the dependence of grain temperature. At density of nH ∼ 105 cm−1, the ice mantle is
removed at Td & 60 K, but at higher density nH ∼ 106 cm−3, the ice mantle is substantially removed only when Td & 100 K.
ent grain sizes and a fixed mantle thickness of ∆am =
0.05µm. Obtained results are shown in Figure 6.
For comparison, we also compute the sublimation time
of the ice mantle as given by
tsub(Td) = − ∆am
da/dt
=
∆am
lν0
exp
(
Eb
Td
)
, (17)
where da/dt = l/τevap is the rate of decrease in the man-
tle thickness due to thermal sublimation, l is the thick-
ness of the ice monolayer, and τevap is the characteris-
tic time that molecules stay on the grain surface before
evaporation:
τ−1evap = ν0 exp
(−Eb
Td
)
, (18)
where ν0 is the characteristic vibration frequency of
the lattice, and Eb is the binding energy (Watson &
Salpeter 1972). Table 2 lists the binding energy and
sublimation temperatures from experiments of the dif-
ferent molecules.
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Figure 5. Same as Figure 4, but for the model with a fixed mantle thickness of ∆am = 0.05µm (solid lines) and 0.025µm
(dashed lines). For nH ∼ 105 cm−1, the ice mantle is removed at Td & 60 K, but for higher density nH ∼ 106 cm−3, the ice
mantle is removed only when Td & 100 K.
Table 2. Binding energies and sublimation temperatures for
selected molecules on an ice surface
Molecules Eb (K)
a Tsub (K)
H2O 5700 152
b
CH3OH 5530 99
b
HCOOH 5570 155c
CH3CHO 2775 30
c
C2H5OH 6260 250
c
(CH2OH)2 10200 350
c
NH3 5530 78
b
CO2 2575 72
b
H2CO 2050 64
b
CH4 1300 31
b
CO 1150 25b
a See Table 4 in Garrod (2013)
b See Table 1 from Mumma et al. (1993)
c See Collings et al. (2004)
Plugging the numerical parameters of water ice into
the above equation, we obtain
tsub ∼ 1.5× 103
(
∆am
500 A˚
)
exp
(
Eb
4800 K
100 K
Td
)
yr.(19)
Comparing Equations (19) with (13) one can see that
rotational desorption is much faster than thermal subli-
mation of water ice at Td ∼ 100 K.
Results for tsub of several molecules with large binding
energies, including H2O, CH3OH, HCOOH, C2H5OH,
and (CH2OH)2, are shown in Figure 6. We adopt
the characteristic frequency ν0 = 5 × 1012 s−1 (see
e.g., Hasegawa & Herbst 1993). The disruption time
is smaller for larger grain sizes, but it increases when
a > atrans. Below the sublimation temperature (i.e.,
temperatures of 50 − 100 K), rotational desorption is
faster than sublimation for densities of nH . 106 cm−3.
At densities of nH ∼ 107 cm−3, rotational desorption is
faster than sublimation of water ice at T ∼ 100− 120 K
(i.e., below sublimation limit of water ice). At higher
density nH ∼ 108 cm−3, rotational desorption is faster
than sublimation of ethanol for T ∼ 130− 160 K.
3.3. Rapid evaporation of COMs and water ice from
tiny fragments
Below we will study the subsequent evaporation of
COMs and water ice from tiny fragments produced by
rotational desorption of ice mantles.
A detailed study about the size distribution of frag-
ments resulting from rotational desorption of ice man-
tles is beyond the scope of this paper. Nevertheless, we
can assume that resulting fragments include nanoparti-
cles and tiny clusters of molecules (i.e., very small icy
grains-VSG). The maximum size of fragments is per-
haps comparable to the thickness of ice mantle of ∼ 25
nm (i.e., 250 A˚). The remaining question is how rapidly
COMs and water ice can evaporate from such icy frag-
ments?
Since icy fragments are exposed to the same strong
stellar radiation as original large grains, due to low heat
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Figure 6. Desorption time vs. grain temperature for the different grain sizes (a = 0.1, 0.25, 0.5µm). Thermal sublimation time
of several popular COMs and water for a mantle thickness ∆am = 0.025µm is shown for comparison. Rotational desorption
occurs faster than thermal sublimation and requires lower grain temperatures. Gray shaded areas mark the region where thermal
sublimation is faster.
capacity, they can be rapidly heated to higher temper-
atures than the original grain (see Draine & Li 2001
for more details). Indeed, the absorption of a single UV
photon can instantaneously raise the temperature of the
fragment to:
TVSG =
∆E
CV
, (20)
where ∆E is the energy that an UV photon transfers
to the dust grain, CV = 3NatkB is the volume heat
capacity of the ice fragment, and Nat = 4/3pia
3nice is
the total number of atoms. The number density of atoms
the pure water ice mantle is nice ∼ ρice/m(H2O) ≈ 3.3×
1022 cm−3.
The temperature of icy fragments can be rewritten as
TVSG ' 276
(
E
10eV
)( a
1nm
)−3
K, (21)
It follows that for a . 1 nm, single-photon absorp-
tion can transiently heat the fragment to TVSG & 270 K,
which exceeds thermal sublimation threshold of COMs
(see Table 2). In general, one expects a fraction of tiny
fragments below 1 nm, therefore, COMs and water ice
can rapidly evaporate following the rotational desorp-
tion of ice mantles.
Larger fragments of a ∼ 1 − 25 nm can achieve equi-
librium temperatures due to radiative heating, and their
temperatures are considerably higher than that of orig-
inal large grains of a ∼ 0.1µm, as given by Equation
(16). Due to a steep dependence of the sublimation
rate on the grain temperature, a moderate increase in
the temperature of small fragments can significantly in-
crease the sublimation rate of COMs from these small
fragments. Indeed, for U ∼ 105, one has Td ∼ 111.7 K
for a = 0.1µm, and Td ∼ 130.2 K for a = 0.01µm. The
ratio of their sublimation rates is equal to
τsub(a = 0.01µm)
−1
τsub(a = 0.1µm)−1
∼ exp(−4800/130.2)
exp(−4800/111.7) ∼ 450.(22)
Figure 7 (upper panel) shows the sublimation time for
three different grain sizes as a function of the temper-
ature of a = 0.1µm grains. For a given temperature,
the sublimation rate of smaller grains is several orders
of magnitude larger than that of large grains. Therefore,
by disrupting the ice mantle on a large grain into small
fragments, rotational desorption can allow the sublima-
tion of COMs and water ice at much faster rate com-
pared to from the original icy grain mantle.
Figure 7 (lower panel) shows the decrease of grain tem-
perature to have the same sublimation rate as a func-
tion of grain sizes. The decrease of grain temperature
decreases rapidly with the fragment size and achieves
|δT | & 20 K for a . 0.01µm.
To summarize the rotational desorption mechanism
introduced in this section, in Figure 8, we illustrate the
rotational desorption process of COMs from icy grain
mantles which includes two stages. Firstly, the ice man-
tle of a large core-ice mantle grain (ac = 0.1µm) is dis-
rupted into small fragments by means of RATD. Sec-
ondly, very small fragments (a . 1 nm) are transiently
heated to high temperatures, inducing transient evapo-
ration of molecules. Larger fragments (e.g., a ∼ 1 − 10
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Figure 7. Upper panel: thermal sublimation time of wa-
ter ice and ethanol vs. the temperature of 0.1µm grains for
the different sizes. The sublimation time is significantly de-
creased with decreasing the grain radius. Lower panel: the
decrease of grain temperature required to produce the same
sublimation rate vs. grain size, assuming tsub = 1, 10, 100 yr.
nm) can be heated to higher temperatures than the orig-
inal grain, which significantly enhances the rate of ther-
mal sublimation as shown in Figure 7.
4. APPLICATION: ROTATIONAL DESORPTION
OF ICE MANTLES IN HOT CORES/CORINOS
We now apply our theory in the previous section to
study the desorption of ice mantles from grains in hot
cores and hot corinos, which are inner regions surround-
ing high-mass protostars (Blake et al. 1987) and low-
mass protostars (Bottinelli et al. 2004; Beltran & Rivilla
2018).
Hot cores/corinos are directly heated by the central
protostar. Let L be the bolometric luminosity of the
protostar. The radiation strength at distance r from
the source is given by
U(r) =
(
L
4pir2cuISRF
)
= Uin
(rin
r
)2
, (23)
where Uin denotes the radiation strength at inner radius
rin.
The gas density and temperature can be approxi-
mately described by power laws:
ngas = nin
(rin
r
)p
, (24)
Tgas = Tin
(rin
r
)q
, (25)
where nin and Tin are gas density and temperature at
radius rin, and q = 2/(4 + β) with β the dust opacity
index (see e.g., Chandler & Richer 2000). The typical
density profile in the inner hot region is p ∼ 1.5. A more
detailed model of hot cores is presented in Nomura &
Millar (2004).
From Equation (11), one obtains the disruption size
of ice mantles as follows
adisr(r)'0.13γ−1/1.7λ¯0.5(Smax,7/ρˆice)1/3.4(1 + FIR)1/1.7
×
(
ninT
1/2
in
100Uin
)1/1.7 (rin
r
)(p+q/2−2)/1.7
µm, (26)
which slowly decreases with radius r as r(p+q/2−2)/1.7 ∼
r−0.1 for typical slopes.
For low-mass protostars, one can assume rin = 25 AU
and nin ∼ 108 cm−3 and L = 36L (Visser et al. 2012),
one gets adisr ∼ 0.29µm at r = rin and adisr ∼ 0.63µm
for r = 10rin. For hot cores, we adopt a typical lu-
minosity of L = 105L and typical parameters rin ∼
500 AU, nin ∼ 108 cm−3, Uin ∼ 2 × 107 and Tin ∼ 274 K
(see e.g., Bisschop et al. 2007). Therefore, Equation
(26) gives adisr = 0.1µm and 0.16µm at r = rin, 10rin
respectively. The results for nin = 10
7 cm−3 as usually
assumed (Viti & Williams 1999) are even more promis-
ing.
Figure 9 illustrates the importance of rotational des-
orption vs. classical thermal sublimation of ice man-
tles around a protostar of L = 105L and λ¯ = 0.5µm.
Thermal evaporation is important only in the inner re-
gions where Tgas > 100 K, whereas rotational desorption
can be efficient at larger radii with low temperatures of
Tgas ∼ 40− 100 K.
We note that even in the hot inner region where ther-
mal sublimation is active, rotational desorption and ro-
thermal desorption (Hoang & Tung 2019) are more ef-
ficient than the classical sublimation for molecules with
high binding energy such as water and COMs.
The efficiency of rotational desorption in cold ex-
tended regions shown in Figure 9 successfully explain
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Figure 9. Gas temperature and grain disruption size vs. ra-
dius for an envelope around a high-mass protostar. Classical
thermal sublimation is important only for the inner region
(hot core), whereas rotational desorption is important for
both hot core and outer region.
the presence of COMs from outer extended regions
around hot cores by Fayolle et al. (2015). Furthermore,
this mechanism can explain the presence of HCOOH,
CH3CHO from cold regions with Tgas ∼ 40 − 70 K (be-
low the sublimation threshold of these molecules) and
low column density by Bisschop et al. (2007). Future
high-resolution observations by ALMA would be unique
to test our prediction of an extended regions of COMs.
5. DISCUSSION
5.1. Comparison of rotational desorption with other
desorption mechanisms in star-forming regions
First of all, we should stress that in this paper we
are primarily concerned with desorption of molecules
in star-forming regions where icy grains are illuminated
by protostars and quantify an important physical effect,
namely, suprathermal rotation of grains, that is disre-
garded in previous studies.
Both rotational desorption and thermal sublimation
of COMs from ice mantles rely on interaction of radi-
ation fields with dust grains to be efficient. Here, we
outline the key differences of the rotational desorption
mechanism that can be tested with observations.
From Figure 6 one can see that rotational desorption
can occur at low temperatures below the sublimation
threshold of COMs and water ice, and the critical tem-
perature for rotational desorption decreases with de-
creasing the local gas density (Hoang et al. 2019; see
also Section 6). It can be effective even at temperatures
of T < 50 K if the local gas density is nH < 10
5 cm−3.
Therefore, COMs/water vapor can be observed in cold
regions (T < 100 K) with not very high gas density. On
the other hand, thermal sublimation only depends on
the grain temperature which requires intense radiation
such that grains can be heated to T > 100 K.
Second, compared to classical sublimation, the cir-
cumstellar region in which rotational desorption is im-
12 Hoang and Tram
portant would be more extended due to lower required
radiation intensity. For instance, using U ∼ T 6d , one can
estimate the radius of regions in which rotational des-
orption is efficient as Rdesr/Rsub = (Usub/Udesr)
1/2 ∼
(Tsub/Tdesr)
3 ∼ (100/80)3 ∼ 2. Therefore, we predict
that COMs can be released in a region more extended
than classical sublimation by a factor of 2.
Third, through rotational desorption, COMs and wa-
ter ice can be released simultaneously from tiny frag-
ments (a < 1 nm). For larger fragments (a ∼ 1nm −
∆am), the sublimation is essentially classical one but
with significantly enhanced rates, and COMs of the dif-
ferent binding energies are released at the different dis-
tances from the radiation source.
Finally, while photodesorption requires far-UV pho-
tons (hν & 6 eV or λ < 0.2µm) to be effective (Oberg
et al. 2009), rotational desorption can work with a broad
range of the radiation spectrum (i.e., λ > 0.2µm) be-
cause RATs depend on the ratio of the photon wave-
length to the grain size (Lazarian & Hoang 2007a; Her-
ranen et al. 2019). Let us estimate the lifetime of an
icy grain by UV photodesorption. Let Ypd be the pho-
todesorption yield of water ice which is defined as the
fraction of molecules ejected over the total number of
incident UV photons. The rate of mass loss due to UV
photodesorption is
dm
dt
=
4pia2ρiceda
dt
= m¯YpdFFUVpia
2, (27)
where m¯ is the mean mass of ejected molecules, FFUV is
the flux of FUV photons. Let G0 = FFUV/FFUV,ISRF be
the strength of the UV photons relative to the standard
interstellar radiation field. Then, the above equation
becomes:
da
dt
= 2.2× 10−3G0
(
Ypd
0.001
)
A˚
yr
, (28)
where m¯ = m(H2O) and the typical yield Ypd = 0.001
(Oberg et al. 2009) is adopted.
Using the typical parameters for a hot core, one ob-
tains the photodesorption time for an ice mantle of
thickness ∆am:
tpd =
∆am
da/dt
'
(
∆am( A˚)
2.2× 10−3 A˚
)(
10−3
Ypd
)(
1
G0
)
yr
' 2.2
(
∆am
500 A˚
)(
10−3
Ypd
)(
105
G0
)
yr. (29)
Comparing tpd with tdisr (Eq. 13) one can see that
the rotational disruption is one order of magnitude faster
than UV photodesorption, assuming G0 ∼ U0 ∼ 105 and
a = 0.1µm. In the shielded region of optical depth τV ,
the UV strength is reduced to G = G0e
−τFUV , but the
optical radiation is reduced to U = U0e
−τV only where
τFUV ∼ 2− 3τV (see e.g., Weingartner & Draine 2001).
The UV photodesorption yield of methanol is found to
be very low of < 10−6 (Bertin et al. 2016), although this
yield only take into account intact methanol molecules.
One important aspect is that the penetration length of
FUV photons is much shorter than optical photons due
to higher dust extinction. As a result, rotational desorp-
tion is efficient in more extended regions around YSOs
than photodesorption.
5.2. Rotational desorption enhances abundance of
COMs in the outflow and the outflow cavity walls
of protostars, and PDRs
Due to the clearing-out by outflows, stellar radiation
can freely propagate through the outflow cavity (of gas
density nH ∼ 103 cm−3) and illuminate icy grains in the
cavity wall (boundary region between outflow and enve-
lope). The cavity wall behaves like a photo-dominated
regions where the radiation strength can be large of
U ∼ 103−104, and the gas density of the outflow cavity
wall is nH ∼ 104 − 106 cm−3 (Visser et al. 2012). With
these physical parameters, using the results from Figure
5, one can see that the entire mantle can be evaporated
via rotational desorption, which increases the abundance
of COMs in the cavity wall.
Rotational desorption of ice mantles is also expected
to increase the abundance of COMs in the outflows of
protostars because of high radiation intensity and low
gas density. Indeed, observations usually show an en-
hancement of COMs in the outflows of low-mass proto-
stars Drozdovskaya et al. (2015) and high-mass proto-
star (Palau et al. 2017). COMs are also observed to be
more abundant in the shock L1157-B1 than in hot cori-
nos (Lefloch et al. 2017). We note that Drozdovskaya
et al. (2015) explained the enhancement of COMs by
means of UV irradiation from protostars due to the out-
flow cavity (see also Karska et al. 2014). Yet, an en-
hanced irradiation would increase the efficiency of pho-
todestruction of COMs. Palau et al. (2017) explained
this enhancement due to sputtering and grain-grain col-
lisions in C-shocks of velocities v < 40 km s−1 in the
cavity walls. However, a recent work by Godard et al.
(2019) shows that C-shocks shrink in the radiation fields
of G0 > 0.2(nH/1 cm
−3)1/2, which would reduce the ef-
ficiency of sputtering.
At far distances from the protostar, the effect of
shocks can be important. As shown in Hoang & Tram
(2019) and Tram & Hoang (2019), C-shocks can spin-
up nanoparticles to suprathermal rotation due to super-
sonic drift of neutrals relative to charged grains. Then
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icy grain mantles can be released, producing gas-phase
COMs by either the rapid disruption of weak nanopar-
ticles, or rotational desorption of strong nanoparticles
(Tram & Hoang 2019).
Finally, rotation desorption of ice mantles is impor-
tant for PDRs, which are dense (nH ∼ 104 − 105 cm−3)
and directly illuminated by strong stellar radiation of
U ∼ 103 − 105. We note that outflow cavity walls and
surface of circumstellar disk are also considered PDRs
(Spaans et al. 1995). Thus, rotational desorption is ex-
pected to be efficient in releasing COMs from icy man-
tles for these PDR environments. Using the results in
Figure 5, one can see that the icy mantles can be rapidly
removed from a & 0.2µm grains. This mechanism can
explain the detection of COMs and polycyclic aromatic
hydrocarbons in PDRs (see Cuppen et al. 2017 for a
review).
5.3. Effect of grain evolution on grain-surface
chemistry: link between dust properties and COMs
Our numerical results presented in Section 2 are also
obtained for core-ice mantle grains with the maximum
size of amax ∼ 1µm, and the typical grain size adopted
for chemical modeling of gas-grain chemistry is a =
0.1µm (see e.g., Garrod 2013). However, in dense
prestellar cores and PPDs, grain coagulation due to
grain-grain collisions is expected to form large fluffy ag-
gregates of original icy grains, namely composite grains
(Ossenkopf & Henning 1994; Hirashita & Li 2013). Var-
ious observations show the signature of grain growth in
prestellar cores (Pagani et al. 2010) and young proto-
stellar system (Kwon et al. 2009). Note that, in dense
molecular clouds where interstellar radiation is signifi-
cantly attenuated, coagulation of icy grains can proceed
to form large aggregates, without being rotationally dis-
rupted by RATD. However, when exposed to strong ra-
diation of protostars/young stars, such large composite
grains are expected to be destroyed via the RATD mech-
anism (Hoang et al. 2019).
The disruption of large grains can also be calculated
using the method in Section 2, but with the tensile
strength of composite grains (Greenberg et al. 1995; Li &
Greenberg 1997; Hoang 2019). Experimental data show
a wide range of the tensile strength for aggregate grains,
from 104 − 106 erg cm−3, depending on the particle ra-
dius (Gundlach et al. 2018). Thus, for our calculations,
we assume the tensile strength Smax ∼ 105 erg cm−3
which correspond the the average particle radius ap = 10
nm, assuming a porosity of 20% (see Hoang 2019).
Figure 10 shows the disruption sizes of composite
grains in which the maximum size is set to 100µm
and the mean wavelength of the radiation spectrum
λ¯ = 1.2µm. In strong radiation fields (U ∼ 103 − 108)
near protostars, large aggregate grains can be rapidly
disrupted into smaller grains with ice mantles. The
range of the disruption size broadens when the tensile
strength is lower because adisr ∝ S−1/2max (see Eqs. 11
and 12). One notes that in dense and cold regions (e.g.,
nH & 109 cm−3 and Td < 100 K), rotational disruption
is inefficient for large grains (a & 1µm), such that grain
coagulation to planetesimals is not affected by RATD.
In this picture, we expect the maximum grain size is
larger for dense conditions and weaker radiation fields.
Figure 11 illustrates the evolution of composite grains
near a young stellar object, starting with the disruption
into small icy grains and subsequent desorption of the ice
mantles into tiny ice fragments. The final stage involves
rapid evaporation of mantle species into the gas phase
due to higher temperatures of smaller grains by thermal
spikes as well as the lower melting temperatures.
In the rotational desorption paradigm, the release of
COMs from ice mantles is accompanied with the varia-
tion of dust properties as a result of radiative torques.
Thus, rotational desorption implies a correlation be-
tween complex molecules and dust properties (e.g., grain
size distribution) because the intense radiation field that
disrupts the ice mantles also disrupts large dust aggre-
gates due to their low tensile strength.1 This effect
has a unique signature on observations. First, we ex-
pect the increased abundance of COMs corresponds to
the reduction of large dust grains which implies lower
opacity at mm-cm wavelengths. Second, the depletion
of large aggregate grains results in the change in the
polarization pattern because very large grains are ex-
pected to experience efficient self-scattering (Kataoka
et al. 2015), whereas smaller ones are aligned along the
radiation direction or magnetic field direction (Lazarian
& Hoang 2007a; Hoang & Lazarian 2016; Tazaki et al.
2017; Lazarian & Hoang 2019).
5.4. Rotational desorption, COMs, snow-line, and dust
properties in protoplanetary disks
PPDs have layer structures where the gas density in-
creases from nH ∼ 105 cm−3 in the disk atmosphere to
nH ∼ 1012 cm−3 in the disk plane. The gas correspond-
ing temperature is T ∼ 1500 K to T ∼ 10 K in the disk
plane (see e.g., Figure 2 in Hoang et al. 2018b). There-
fore, we expect the rotational desorption to be efficient
in the disk surface and intermediate layer where the den-
1 The time difference between the disruption of aggregates and the
desorption of ice mantles is rather short compared to the age of
YSOs (years versus Myrs; see, e.g., Eq. 13). Therefore, in terms
of observations, there would be no difference in the observing
time of these effects.
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Figure 10. Disruption sizes of composite grains as a function of radiation strength (left panel) and grain temperature estimated
at a = 0.1µm (right panel). Composite grains of a ∼ 0.3 − 3µm can be disrupted at temperatures Td < 50 K at density
nH . 106 cm−3, but for very dense and cold regions (nH > 109 cm−3, Td < 100 K) very large grains can survive.
Figure 11. A schematic illustration of dust evolution near a young stellar object: a big composite grain is first disrupted into
icy individual grains and subsequent desorption of ice mantles into tiny fragments which are rapidly evaporated. Formation of
COMs and water vapor is thus accompanied by destruction of large dust grains.
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sity nH < 10
10 cm−3 and T > 100 K. The proposed
mechanism can explain the detection of COMs in PPDs
(Walsh et al. 2014; Favre et al. 2018) as well as in pro-
tostellar disks (Lee et al. 2017).
Furthermore, the sublimation of water ice occurs at
T & 150 K which defines the snow-line. At this temper-
ature, we show that ice mantles could already be dis-
rupted into smaller fragments, resulting in subsequent
evaporation into water vapor, provided that the local
gas density is nH . 107 cm−3 (see Figure 5). As a result,
water vapor can be observed in regions more extended
than the traditional snow line of PPDs as constrained
by water ice sublimation. As found in Tung & Hoang (in
preparation), the new snow-line desribed by rotational
desorption is more extended than the classical one in the
surface and intermediate layer of PPDs.
The present rotational mechanism can explain both
the detection of COMs in low temperatures around
PPDs and some correlation between dust polarization
and COMs by ALMA (Podio et al. 2019). The authors
found that the inner edge of H2CO emission coincides
with the location where the dust polarization pattern
changes from parallel to the short axis to azimuthal di-
rection, which is explained by polarization due to self-
scattering by very large grains (Bacciotti et al. 2018).
Moreover, the H2CO abundance peaks at the edge of
mm-dust emission, revealing that H2CO may be in-
creased due to the decrease of very large grains. Here,
we suggest that large grains of a ∼ 10−100µm are likely
reduced from the location of H2CO emission because of
the decrease of gas density that facilitate RATD, such
that self-scattering is reduced. But smaller grains can be
radiatively aligned with the radiation direction (Lazar-
ian & Hoang 2007a; Hoang & Lazarian 2016), producing
an azimuthal polarization pattern (Tazaki et al. 2017).
6. SUMMARY
We studied the effect of suprathermal rotation of
grains on the desorption of ice mantles and COMs from
grain surfaces in the environs of YSOs. Our principal
results are summarized as follows.
1. We showed that in the intense radiation of YSOs,
the entire ice mantle can be disrupted into small
fragments due to centrifugal force induced by ex-
tremely fast rotation of irregular grains spun-up by
radiative torques. Thus, icy grain mantles would
be removed before the grains can be heated to the
ice sublimation temperatures of Td & 100 K.
2. We discussed the consequence of resulting frag-
ments and find that the icy fragments of sizes
a . 10 A˚ are heated to high temperatures by sin-
gle UV photons, triggering transient sublimation
of COMs from the fragment. For larger fragments
(a > 10 A˚), thermal sublimation of COMs and wa-
ter molecules is significantly enhanced compared
to sublimation from the original grain because of
the increase of grain temperature with decreasing
grain size.
3. We identified some key difference between rota-
tional desorption and classical thermal sublima-
tion of COMs that can be tested with observations.
We find that rotational desorption can be efficient
at temperatures at least ∼ 20 − 40 K below the
thermal sublimation threshold of COMs.
4. We applied the rotational desorption mechanism
to study desorption of COMs in hot cores/corinos.
We found that rotational desorption is efficient at
much larger distances than thermal evaporation.
This can successfully explain the observed COMs
in cold, extended regions around high-mass/low-
mass protostars.
5. We suggested that the observed enhancement of
COMs in the outflow cavity walls could be induced
by the rotational desorption mechanism due to ir-
radiation of protostars through the outflow cavity
and lower gas density compared to the disk re-
gions. Rotational desorption is also important in
the outflows of protostars and PDRs.
6. We found that large aggregate grains which are
presumably formed by coagulation in dense re-
gions can be disrupted into distinct grains host-
ing ice mantles. Such icy grain mantles are then
subsequently disrupted into smaller fragments, fol-
lowed by rapid evaporation of COMs and water
ice. Thus, we predict a correlation between COMs
and the depletion of large grains in dense regions
with strong radiation fields of YSOs.
7. We discussed the implications of rotational des-
orption of ice mantles in PPDs. Due to rotational
desorption, the snow-line of PPDs is expected to
be more extended than determined by classical
thermal sublimation. The observed correlation of
COMs and dust polarization can also be explained
by rotational desorption mechanism.
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